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added to the silicon-contained organic compound and N 2 0. 

Disclosure of Invention 

In the low-dielectric insulating film and the barrier 
insulating film, nitrogen introduced into the film due to the 
film forming gas containing the nitrogen causes the problem. 
In the following, the problem caused by the nitrogen will be 
explained in detail. 

Upon forming the via hole or the wiring recess in the 
low-dielectric insulating film or the barrier insulating film 
formed by the dual -damascene method using the film forming gas 
containing the nitrogen, when the chemically amplified 
photoresist for KrF or ArF to expose a line width of 0.13 li 
m or less is employed, there is a problem such that patterns 
intended by the design cannot be formed. According to various 
investigations, the cause of this phenomenon is estimated such 
that the nitrogen in the low-dielectric insulating film or the 
barrier insulating film is discharged to occasion excessively 
the crosslinking reaction of the resist. In particular, if not 
only N 2 , NH 3 , etc. but also N 2 0 is employed as constitutive gases 
of the film forming gas of the low-dielectric insulating film 
and the barrier insulating film, this phenomenon tends to occur. 

It is an object of the present invention to provide a 
semiconductor device manufacturing method capable of 
containing no nitrogen in a formed film or suppressing a 
nitrogen content to such an extent that a crosslinking reaction 
of the resist is not affected, while maintaining functions of 
respective films with regard to a film formation of a 
low-dielectric insulating film or a barrier insulating film, 
and a semiconductor device manufactured by the method. 

The invention 3tL ,£mth In Claim 1 is related to a 
semiconductor device manufacturing method, and it is 
characterized in comprising the steps of generating a film 
forming gas by using any one of a silicon-contained organic 
compound having a siloxane bond and a silicon-contained organic 
compound having a CH 3 group and in addition H 2 O r and adjusting 
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a flow rate ratio of H 2 0 to the silicon-contained organic 
compound to 4 or more and a gas pressure to 1.5 Torr or more; 
applying a power to the film forming gas to generate a plasma 
thereof so as to react it, and thus forming a low-dielectric 
insulating film on a substrate; generating a process gas 
containing at least any one of He, Ar, H 2 or deuterium; 
generating a plasma by applying a power to the process gas; and 
bringing the low- dielectric insulating film into contact with 
the plasma of the process gas. 

The invention jet fern Hi in Claim 2 is related to the 
semiconductor device manufacturing method according to OiLairo 
T\ and it is characterized in that the power applied to the film 
forming gas is a power having a frequency of 1 MHz or more. 

The invention Dot fwth in Claim 0 is related to the 
semiconductor device manufacturing method ac co rding to uuj una. 
at ululuu 1 and 0 , and it is characterized in that the power 
applied to the process gas is a power having a frequency of below 
1 MHz . 

The invention e a t forth in Claim I is related to the 
semiconductor device manufacturing method a c c o rdin g t o any cine 
of olalmo 1 and 2 , and it is characterized in that the power 
applied to the process gas is a power having a frequency of 1 
MHz or more. 

The invention jet fouth in Claim 5 is related to the 
semiconductor device manufacturing method aooordlng to an y one 
uf ulaluiy 1 Lu 4 , and it is characterized in that a pressure 
of the process gas is adjusted to 1.0 Torr or less. 

The invention jet forth in Claim G is related to the 
semiconductor device manufacturing method aooordlng to any c nc 
o f claimj 1 to 4 , and it is characterized in that a pressure 
of the process gas is adjusted to 0.5 Torr or less. 

The invention jet forth in Claim 7 is related to the 
semiconductor device manufacturing method aooordlng to any ono 
of er±trfcms 1 LU (I , and it is characterized in that, in the step 
of bringing the low-dielectric insulating film into contact 
with the plasma of the process gas, a temperature of the 
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low-dielectric insulating film is raised up to 375 *C or more. 

The invention jut l e gth ia Claim S is related to the 
semiconductor device manufacturing method duuuidluy Lu uu^ une 
uf ulalmb 1 Lu 7 , and it is characterized in that the step of 
bringing the low-dielectric insulating film into contact with 
the plasma of the process gas is followed by the further step 
of removing a surface layer of the low- dielectric insulating 
film. 

The invention aefe forth in Gluiiu 9 is related to the 
semiconductor device manufacturing method aooording to olaim 
■C, and it is characterized in that the step of removing the 
surface layer of the low-dielectric insulating film is followed 
without bringing the low-dielectric insulating film into 
contact with an atmosphere by the further subsequent step of 
increasing a temperature of the low- dielectric insulating film 
to 375 *C or more at an atmospheric pressure or a low pressure, 
and then bringing the low-dielectric insulating film into 
contact with a process gas having a CH 3 group. 

The invention ac,fe forth iu Claim 10 is related to a 
semiconductor device manufacturing method, and it is 
characterized in comprising the steps of generating a film 
forming gas by using any one of a silicon-contained organic 
compound having a slloxane bond and a silicon-contained organic 
compound having a CH 3 group and in addition H 2 0, and setting 
a flow rate ratio of H 2 0 to the silicon-contained organic 
compound to 4 or more and a gas pressure to 1,5 Torr or more; 
applying a power to the film forming gas to generate a plasma 
thereof so as to react it, and thus forming a low-dielectric 
insulating film on a substrate; and annealing the 
low-dielectric insulating film in an atmosphere of a nitrogen 
gas or an inert gas at a temperature of 400 *C or more. 

The invention g a t forth in Claim 11 is related to the 
semiconductor device manufacturing method a ooording to c laim 
•W, and it is characterized in that the power applied to the 
film forming gas is a power having a frequency of 1 MHz or more. 

The invention oot forth in Claim 13 is related to the 



semiconductor device manufacturing method aooorcLiny Lu ulaliil 
1 0 m 11 , and it is characterized in that the step of annealing 
the low- dielectric insulating film is followed by the further 
step of removing a surface layer of the low-dielectric 
insulating film. 

The invention jcL fuj-Lli in Cluim 13 is related to the 
semiconductor device manufacturing method aoccirdiny Lu ulaliil 
and it is characterized in that the step of removing the 
surface layer of the low-dielectric insulating film is followed 
without bringing the low-dielectric insulating film into 
contact with an atmosphere by the further subsequent step of 
increasing a temperature of the low- dielectric insulating film 
to 375 *C or more at an atmospheric pressure or a low pressure, 
and then bringing the low-dielectric insulating film into 
contact with a process gas having a CH 3 group. 

The invention ael fartfa in Claim 14 is related to the 
semiconductor device manufacturing method a e c o vdluy Lu unj uue 
-M, and it is characterized in that the process 
gas having the CH 3 group is a methylsilane consisting of any 
one of monomethylsilane (SiH 3 (CH 3 )) # dimethylsilane 
(SiH 2 (CH 3 ) 2 ) , trimethylsilane (SiH(CH 3 ) 3 ), or tetramethylsilane 
(Si(CH 3 ) 4 ), or an alkoxysilane consisting of any one of 
trimethylmethoxysllane ( Si ( CH 3 ) 3 ( OCH 3 ) ) , 
dime thy ldimethoxysilane ( Si ( CH 3 ) 2 ( OCH 3 ) 2 ) . or 
methyltrimethoxysilane ( TMS : Si ( CH 3 ) ( OCH 3 ) 3 ) . 

The invention oot Eogfeh in Gluliu 15 is related to the 
semiconductor device manufacturing method according fe e an y o we 
u£ rtertms 1 Lu 14 , and it is characterized in that a pressure 
of the film forming gas is adjusted to 1.75 Torr or more. 

The invention jel forth lu Claim 1 6 is related to the 
semiconductor device manufacturing method a c cording to eiq uuur 
u£ ulalms 1 Lu ID , and it is characterized in that, in the step 
of forming the low-dielectric insulating film, a temperature 
of the substrate is raised up to 25 'C or more but 400 *C or less . 

The invention 3tL fui. Lit lu Claim 1 7 is related to a 
semiconductor device manufacturing method, and it is 
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characterized in comprising the steps of generating a film 
forming gas by using any one of a silicon-contained organic 
compound having a siloxane bond and a silicon-contained organic 
compound having a CH 3 group and in addition H 2 0, and setting 
a flow rate ratio of H 2 0 to the silicon-contained organic 
compound to 12 or more; increasing a temperature of a substrate 
up to 200 *C or more but 400 *C or less; and applying a power 
to the film forming gas to generate a plasma thereof so as to 
react it, and thus forming a barrier insulating film on the 
substrate whose temperature is raised. 

The invention oot f o r Lh ±u Claim 16 is related to the 
semiconductor device manufacturing method a ee ogding to olaim 
**"7, and it is characterized in that, in the step of generating 
the film forming gas, a pressure of the film forming gas is 
adjusted to below 1 . 0 Torr and, in the step of forming the barrier 
insulating film, a power of a frequency of below 1 MHz is applied 
to the substrate to bias the substrate and to generate a plasma 
of the film forming gas by the power of the frequency of below 
1 MHz so as to react the plasma, and thus the barrier insulating 
film is formed. 

The invention jet £e > i?th in Olaim 19 is related to the 
semiconductor device manufacturing method rinnnrHl " ^ j>Htti 

-*T, and it is characterized in that, in the step of generating 
the film forming gas, a pressure of the film forming gas is 
adjusted to below 1 . 0 Torr and, in the step of forming the barrier 
insulating film, a power of a frequency of below 1 MHz is applied 
to the substrate to bias the substrate while at least the power 
of the frequency of 1 MHz or more out of the power of the frequency 
of below 1 MHz or the power of the frequency of 1 MHz or more 
is applied to the film forming gas, whose pressure is adjusted 
to 1.0 Torr or more, to generate a plasma thereof so as to react 
it, and thus the barrier Insulating film is formed. 

The invention oot South in Cluliii 2 0 is related to a 
semiconductor device manufacturing method, and it is 
characterized in comprising the steps of generating a film 
forming gas by using any one of a silicon-contained organic 
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compound having a siloxane bond and a silicon-contained organic 
compound having a CH 3 group and in addition H z O, and setting 
a flow rate ratio of H 2 0 to the silicon-contained organic 
compound to 12 or more; adjusting a pressure of the film forming 
gas to below 1.0 Torr; increasing a temperature of a substrate 
up to 200 *C or more but 400 *C or less; applying the power of 
the frequency of below 1 MHz to the substrate to bias the 
substrate and to generate a plasma of the film forming gas by 
the power of a frequency of below 1 MHz so as to react the plasma, 
and thus forming a first insulating film; generating the film 
forming gas; adjusting a pressure of the film forming gas to 
1.0 Torr or more; increasing a temperature of a substrate up 
to 200 *C or more but 400 *C or less; applying a power of a 
frequency of below 1 MHz to the substrate to bias the substrate 
while applying at least the power of the frequency of 1 MHz or 
more out of the power of the frequency of below 1 MHz or the 
power of the frequency of 1 MHz or more to the film forming gas r 
whose pressure is adjusted to 1.0 Torr or more, to generate a 
plasma thereof so as to react it , and thus forming a second 
insulating film on the first Insulating film, whereby the 
barrier insulating film composed of the first insulating film 
and the second insulating film is formed. 

The invention c ot SoiLlx In Claim 21 is related to the 
semiconductor device manufacturing method a eee gdlny Lu unj one 
o f claims 17 tec* 20 , and it is characterized in that dinitrogen 
monoxide (N 2 0) is added, or nitrogen (N 2 ) or ammonia (NH 3 ) is 
added, or dinitrogen monoxide (N 2 0) and ammonia (NH 3 ) are added 
to the film forming gas. 

The invention sot forth in C l a i m 2 2 is related to the 
semiconductor device manufacturing method aooording te e an y one 
of olaiiiu 1 Lu 21 , and it is characterized in that the 
silicon-contained organic compound having the siloxane bond is 
any one of hexamethyldi siloxane (HMDSO: (CH 3 )3Si-0-Si(CH 3 ) 3 ) , 

octamethylcyclotetrahexane ( OMCTS ) 
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The invention oot.fcuflh in C ldllU 23 is related to the 
semiconductor device manufacturing method a cc o r d ing to a ny Q n e 
of olaimo 1 to Dl , and it is characterized in that the 
silicon-contained organic compound having the siloxane bond is 
a compound obtained by replacing at least one CH 3 group of any 
one of hexamethyldisiloxane (HMDSO: (CH 3 ) 3 Si-0-Si(CH 3 ) 3 ) , 

octamethylcyclote t rahexane ( OMCTS ) 
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The invention oot forth in Oluiiu 2 4 is related to the 
semiconductor device manufacturing method accordin g t o any wws 

cluiiuj 1 lu 23 , and it is characterized in that the 
silicon-contained organic compound having the CH 3 group is a 
methylsilane consisting of any one of monomethylsilane 
( SiH 3 ( CH 3 ) ) , dimethylsilane ( SiH 2 ( CH 3 ) 2 ) . trimethylsilane 
(S1H(CH 3 ) 3 ), or tetramethylsilane (Si(CH 3 ) 4 ), or an 
alkoxysllane consisting of any one of trimethylmethoxysilane 
(Si(CH 3 ) 3 (OCH 3 ) ) , dimethyldimethoxysilane (Si(CH 3 ) 2 (OCH 3 ) 2 ) , or 
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methyltrimethoxysilane (TMS: Si(CH 3 ) (OCH 3 ) 3 ) . 

The invention ret ffurtti in Claim 23 is related to the 
semiconductor device manufacturing method aumui ' diuy Lu any Ullil 
u£ ulalms 1 LU 24 , and it is characterized in that C x H y (x, y 
are a positive integer ) , C x H y F 2 or C x H y B 2 (x, y are 0 (where, except 
the case x=y=0) or a positive integer, z is a positive integer) 
is added to the film forming gase. 

The invention ret fnrtti ill Claim 20 is related to the 
semiconductor device manufacturing method a eoo gding to elaim 
and it is characterized in that C x H y is C 2 H 4 . 

The invention jet forth In Gluiui 27 is related to the 
semiconductor device manufacturing method auuuj.dliiy Lu ululm 
— and it is characterized in that C x H y F 2 is C 3 F 8 , C 4 F 8 or CHF 3 . 

The invention ael fuiLli lu Claim 20 is related to the 
semiconductor device manufacturing method accnrtrng Lu c±Br±tn 
"2*> , and it is characterized in that C x H y B z is B 2 H 6 . 

The invention fiocfcfc * * -m™ m j_ s related to a 

semiconductor device manufacturing method, and it is 
characterized in comprising the steps of forming the 
low-dielectric insulating film by the semic o nductor device 
m a nwfaotuicing method aet f o rth in Glulm 1 ; and forming the 
barrier insulating film by Bw aemie o nduotor dovioo 
manufaotugin g mcfchud JtL f ui Lh lu Claim 1 7 UZ 10 . 

The invention s a t fourth in Claim 30 is related to a 
semiconductor device manufacturing method, and it is 
characterized in comprising the steps of forming the 
low-dielectric insulating film b y th e oomioonduotog device 
manufacturing method jlI £ux LU lu lldllll 10; and forming the 
barrier insulating film b y tho oomiioonflu c tog dovioo 
wawufactui'ing mcfehud ael Iuj, Llx In Claim 17 ui 10 . 

The invention aeL f ui Lh lu Claim 31 is related to the 
semiconductor device manufacturing method aggmr^ i ng tQ olaim 
29 uj. 30 , and it is characterized in that the step of forming 
the low-dielectric insulating film is followed without exposing 
the low-dielectric insulating film to an atmosphere by the 
further subsequent step of forming the barrier insulating film. 
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The invention sul fui Lh In Cluim 32 is related to the 
semiconductor device manufacturing method aoooarding to any on s 
Of claim j 1 iu 31 , and it is characterized in that wirings or 
electrodes consisting mainly of a copper film are formed on the 
substrate . 

The invention am C ui LU lu Gluiiu 33 is related to a 
semiconductor device manufactured hy the jemigandu c te o g devi e e 
mauuraiLujLiuy method aet f o rth in any one ui ilulms 1 Lu 32 . 

Next, advantages achieved based on above configurations 
of the present invention will be explained hereunder. 

According to the present invention, since H 2 0 is used in 
place of N 2 0 as the oxidizing gas, no nitrogen is contained in 
the formed film. The reason why other oxidizing gas such as 
0 2 , or the like not containing the nitrogen is not used but H 2 0 
is used is that the film having the relatively good film quality 
can be formed. In particular, if the flow rate ratio of H 2 0 
to the silicon-contained organic compound is increased to 4 or 
more, for example, the film having the further good film quality 
can be formed. 

Meanwhile, if the flow rate ratio of H 2 0 to the 
silicon-contained organic compound is increased, the relative 
dielectric constant (k) tends to increase. In order to suppress 
such increase, upon forming the low-dielectric insulating film 
by the plasma CVD method, the plasmanlzlng frequency of the film 
forming gas is set high to 1 MHz or more and the gas pressure 
is set high to 1 . 5 Torr or more. Preferably, the gas pressure 
is set high to 1.75 Torr or more. In addition, for the same 
reason, the substrate temperature is set low to 400 or less 
during the film formation. 

In this case, since many C-H, O-H, etc. whose bonding is 
considered as weak are contained in the formed film, the 
relative dielectric constant is still high such as 2.6 to 2.7 
in contrast to the SOD film (Spin On Dielectrics) . Therefore, 
C-H, O-H, etc. are discharged by applying the plasma process 
or the annealing process to the formed film after the film 
formation. 



